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ABSTRACT
Line 20 — DD 1473

Contract No. DAAC29—76—C—000 helped to maintain the collection of

mutant, inbred, and synthetic stocks in all available species of the flour

beetles of the genus Tribolium, particularly Tribolium castaneum and

T. confusum. Ancillary efforts have been made to determine the mode of

inheritance and allelism of several mutations found in “natural” populations

of T. confusuin in Yugoslavia; and linkage relationships of “extra large”

mutant found in Georgia; in the same species. The map position of the

genes “black”, “light ocular diaphragm aureate” has been determined in

T. castaneum. Sex differences in recombination , attributed to modifiers,

have been observed in linkage group III of this flour beetle A copy of

the manuscript is attached.

¶

- .‘~ Li ~
L1 

C.. ’~; .-
~~~~~ • -~~-~~

Foundation for the California State
College, San Bernardino 

—

Contract #DAAC29—76—C—0005



—---- -—----— - - ~~ ---.~~~~ -~~~~ -,-~~~~.- .—---.~ —
~~~~~

-,---.-

~

-- -., ,

“MAINTENANCE OF TRIBOLIUM STOCK CENTER ”

FINAL TECHNICAL REPORT

Dr. Alexander Sokoloff
Principal Investigator
Professor of Biology

January 26, 1977

U. S. ARMY RESEARCH OFFICE

CONTRACT # DAAG29—76—C—0005

INSTITUTION

FOUNDATION FOR THE CALIFORNIA STATE
COLLEGE, SAN BERNARDINO

APPROVED FOR PUBLIC RELEASE
DISTRIBUTION UNLIMITED

_______________________________



ThE FINDINCS IN THIS REPORT ARE NOT TO

BE CONSTRU ED AS AN OFFICIAL DEPARTMENT

OF THE ARMY POSITION , UNLESS SO DESIGNATED

BY OTHER AUTHORIZED DOCUMENTS.

Foundation for the California State
College, San Bernardino
Contract S DAAG29—76—C—0005

_ _ _ _  ~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _



- . —~~~~~~~~
- —‘.--

~
--— --- — —

~~~~~~~
—..-.-

~~~
-,--- , -

~~
.-----

~
--

~
— - ------- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~~ 

- —j-

Attention : DRXRO-PR P-135451
Contract No. DAAG29-76-C-0005

FINAL REPORT

Contract No. DAAG29-76-C-0005, compl eted on 30 November 1976, was awarded
to the Foundation of the California State College, San Bernardino, Dr. Alexander
Sokoloff, Principa l Investigator, to maintain the collection of wild type,
synthetic, inbred and mutant strains of flour beetles in the genus Triboliwn
in the Tribollum Stock Center, Department of Biology , California State College,
San Bernardi no, Cal ifornia, 92407. This col l ection , without parallel anywhere
else in the world, constitutes an important biological research resource.

With the help of graduate and undergraduate students we were able to:
1. Continue the maintenance of most of the wild type, synthetic, and mutant
stocks at regular intervals.
2. Maintain the inbred stocks. (Some of these stocks have been maintained for
over 11 0 generations of brother-sister mating and it woul d take more than 10
years of effort to duplicate.)
3. Elimina te some of the less useful mutant stocks, i.e. those exhibiting either
poor penetrance or extremely low viability , and which , therefore, require
intensive care for their maintenance.
4. Determine the mode of Inheri tance and allelism of several mutations found
In “natural ” popula tions of T. confusuin In Yugoslavia . One of the mutations
producing a black body color is allelic to the McGill black mutant. Another
Is a sex-linked recessive modifying the eye color from black to red. Allel ism
tests to the previously found “eyespot” and “red” mutations have not yet been
carried out, but we will do so as soon as additional help is available . The
third , fas-3, Is an autosomal mutant modifying the antennae to produce fusions
of several antennal segments. Tests of allelism and linkage tests with two
previously found mutations designated fas-1 and fas-2 have yet to be carried out.
5. Set up the Initial crosses to determine the linkage relationships of the
mutation “extra large” with known genetic markers.
6. Complete the determination of the map position of the genes black (b), light
ocular diaphragm (lod), and aureate (au) in T. caatanewn. Furthermore, support-
ing evidence was obiäined to show the ffistance between various gene varies ,
depending on the cross: b++/+lod au 9 x +lod ~~/+lod au crosses give the follow-ing recombinations values : au:T&I 18.3 21~21%Ti_-T~d 21.05 + 1.51% and
b = au 37.43 + 1.27%. The r~ETprocal crosses give iii lod 27.~~ + 1 .62%;
b = Tid = 13.97 + 1.26% and b-au = 39.79 + 1.78%. For thiTarger distances
encompassed in t~e b-au region The recombination values in the two sexes were
not significantly dTf~~rent. For the shorter b-lod region the recoinbination
values were significantly greater In the females iflan In the males , whi le for
the adjacent lod-au region the opposite was true. On the basis of the current
literature it appears that the main factors contributing to these sex-differences
in recombination are the mod ifiers which are different In the genetic background
of the two sexes. A short paper deal ing with thi s topic has been submitted to
the Canadian Journal of Genetics and Cytology, and it will appear In the March,
1977 Issue. A copy of the manuscript Is attached.

Founda tion for the Cal ifornia State
College , San Bernard ino
Contract #DAAG29—76—C—0005
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Mr. Daryl Faustini , a graduate student, has shown in his Master of
Science thesis that irradiation of au lad beetles at the level of 4000
rads significantly increases reconib1~atT6n frequency In males but notIn females.

7. Because of considerable changes in the holdings of stocks in the Tribolium
Stock Center we took some time to revise our stock lists. The revised stock
list will appear in the Tribolium Information Bulletin (19 and 20).
8. In the year 1976 we received for deposit 18 stocks, and distributed to
colleagues within the UnIted States and abroad 53 mutant and wild type stocks

The activities of the Tribolium Stock Center will be supported for the
next two (and possibly three) years through a research grant: DRXRO-CB-14447-L
from the U.S. Army Research Office.

Foundation for the Cal ifornia State
College , San Bernard ino
Contract #DAAC29—76—C—0005
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ABSTRACT

The relative position of the genes black (b), light ocular

diaphra gm (lod) and aureate (au) for the third linkage group of

T. castaneum has been determined as b - lod - au. The distance~
between the various genes varIes, depending on the cross. The

b++/+ lod au x + lod au/+ lod au crosses give the following

recombina tion values: au - lod • 18.32 ~ 1.21% ; b 
- lod • 21.05

1.51% and b - au — 37.43 1.27%. The reciprocal crosses give au

lad a 27.67 ± 1.62%; b - lod • 13.97 1.26% and b - 39.79

1.78%. For the larger distances encompassed in the b - au region

the recomb ination values in the two sexes were not signifIcant ly

differen t. For the shorter b - lod region the recombinatlon values

were si gnificantly larger in the females than In  the males , while

for the adjacent lod - au region the opposite was true. On the basis

of the current literature It would appear that the main factors con-

tributin g to these sex differences In recombination are the modi fiers

which are different in the genetic background of the two sexes.

Foundation for the California State
College , San Bernardino
Contract #DAAG29—76—C-.0005



IN T R OD UC T I 0 ~

In the Coleoptera . the greatest number of mutants for any one

species available are some 125 spontaneous mutations which have been

discovered In the tenebrionid flour beetle Tribo liurn castaneur n . a

major pest of stored products.

With th~ aid of these mutants ten linka oe groups have been

identified , corresponding to t h e  10 pairs of chromosomes in this

species (Sokoloff 1966 , 1 975). However , it is by no means certain

whether some of these linkag e groups may not In fact represent

eith er gen es on the same chromosome arm loc ated ~O or more un its apart ,

or genes placed far apart on different chromosome arms. Furthermore,

the chromosomes of LrJAolium are tØo small to be useful in cytogenctic

studies.

In the course of inves tiQations to produce the  available chromosome

maps it has been establis hed that

(1) recom b ln ation values for aenes in coupl ino or in repulsion within

a sex may be approximate ly the same (Enqiert and Bell 1963) or they

may be different (Englert and Bell 1963) Dewees 1967, Enqiert 1971).

(2) recombination values for a given region in a linkage group may

differ only slightly or considerably in the two sexes. (Sokoloff 1964)

Speculation has arisen to account for the differences in recombi-

nation in the two sexes. It is possible that the best explanation

for the phenomenon lies in a difference in distribution of a sin gle

chias m a in the two sexes (Sokoloff 1964). Howefer it has not been

Foundation for the California State
College , San Bernard ino
Contract #DAAC29—76-.C—000S
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possible to identify any of the linkage groups with any chromosome

(only the X and V chromosames can be Identif ied readily by cytological

techni ques).

Be that as It may, the differences in crossover values In the

two sexes are real , and presen t a problem to the geneticist under-

taking work with beetles. Relatively recently Dawson (1972) working

with markers of linkage group IV of T. castaneum showed that if genes

are far apart (25- 30 units) the recombinat lon values in the two sexes

are not significantly different (as Sokoloff 1964 had shown for genes

in that group). However, when this region Is subdivi ded into smaller

regions
1 
crossover values were higher in males for one region and in

females for another region.

The pur pose of this note is to show that the phenomenon observed

by Dawson may be a general one, since it can be shown in yet another

linkage grou p (linkage group ~
) In Tribollum castaneum.

Foundation for the California State
College, San Bernardino
Contract #DAAC29—76—C—0005 
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MATERIALS AND METHODS

The mu tants used in this investigation were black, light ocular

diaphragm , and aurea te. The mutant black (b) is a semi-dominant

which affects body color; the normal body color in TribolIum castaneum

as the name of the species Indicates, is chestnut~ b/b produces a

black body color, while +/b produces an Intermediate color referred

to as bronze (Sokoloff et al., 1960). The recessive mutant light

ocular diaphragm (lod) blocks the synthesis Of melanin In the ocular

diaphragm , an andoskeletal structure which helps to support the

omma tidia of the compound eye. The presence of a normally pigmented

ocular dia phragm in eye color mutants such as pearl , red, or chestnu t

gives the beetles a “spectacle d” ap pearance, since the marginal

omma tidla lie over the ocular diaphragm and this structure is visible

through the ommat idia. Beetles homozygotes for eye color mutant genes

and lo d appear non-spectacled , i.e. the omma tidla of the whole compound

eye are either uniformly colorless as In the case of pearl, or they

may be uniformly colored (If the mutant gene produces a color pigment

in the omma t1di~ .

The lod mu tation also can be identified in otherwise norma l

beetles : the compound eye In non- lod (normal) beetles is uniformly

black all the way to the outer edge of the eye by virtue of both the

black pigment deposited In the ommat idla and the black pigment deposited

in the ocular diaphragm . In lod/lod beetles with normal eye color

genes the ommatldla In the center of the eye will appear black, but

the marginal ommatid la , over the ocular diaphragm , appear crystalline

Foundation for the California State
College , San Bernardino
Con tra~t #DAAC~29—76—C—0O05
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and of the body color of the beetle. A previous note pla ced lod

24 units away from b (Sokoloff , 1964; Sokoloff et al .. 19C7).

The recessive mutation aureate (au), increases the number of

setae all over the body of T. castaneum . By actual count the

relative number of setae in au is increased two- to three fold over

t h e  normal (Sokoloff et al. , 1967).

The map position of the au , b and lod genes was determined by

cross i ng blac k pearl (b, p~) males with aurea te , li~ ht ocu lar dia p hragm

and pearl (au lod ; p) females . The pearl mutation , a marker of

linkage group II, was included in these crosses to facilit ate the

identification of the lod and non -lod beetles in later aenerations.

The F1 were bronze and p earl eyed , but they showed a normal distribution

of setae, an d a pigmented ocular diaphragm. These F~ bee tles were

isolated according to sex in the pupal stage . When the adults emerged

they were crossed with au lod p beetles and introdu ced as single pairs

in to rearing jars. The rearing jars contained about 4g of standard

medium , i.e. 1 9 parts ~y weight unbleached whole wheat flour , and 1

part brewer ’ s yeast. The beetles were reared In a walk -in ircubator

maintained at about 29°C and 70% RH.

Foundation for the California State
College, San Bernardino
Contract #DAAG29—76—C—0005
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RES ULTS

Pearl (pb) , a mar ker gene for linkag e group II, was used only to

facilitate the identification of the lod phenotype and thus , will be

omitted from discussion of the results. The distr ibu tion of genotypes

in Table I clearly indicates linkage of all three genes , an d recombina-

• tion values between the three loci are :

b - au = 37.43% 1.27

b - lod = 21 . 05 1 . 51

au - lod = 18.32 1.21

for females;

b - a u  39.79 1.78

b - lod  = 13.97 1.26

au - J o d  = 27.67 1.62

for males.

The coef ficient of coincidence in the first set of data was 25.27

and in the second set of data 25.22, suggesting a moderate degree of

interference of crossing over between the b - Lo4 and lod - au renions.

The relative position of the three genes , b - lod - au, is  the

same in the two types of backcrosses. Furthermore, the test for

homogeneity Indicates that the recombinatton values from the two types

• of bac kcrosses for the b - au realon are not significant ly different
- -- 

+ t’~’ ~~~~~~~~~~ 4~ 3’1. 7’~ ~(recom bination values of 37.43 l.Z~
’% for male heterozygotes).

However , theX test for homogeneity indicates that recombination

values for the two sexes are signi ficantly different for the shorter

b - 1o4 (X2 = 148.2, d f 1 p << .01) and lod - au  regions (X 2 S 2l~~.9,

~Jf • 1 ,  P << .01). Furthermore , it Is noteworthy that the recomb inat lon

• Foundation for the California State College ,
San Bernardino Contract #DAAC29-76—C—0005

_ _ _ _ _ _
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values in the b - lod  region are greater(21 .05 ! 1.51%) in the

female than in the male (13.97 ~ 1.26%) heterozygotes , while In th e

lod - au region the recombinatlon values in the female heterozygotes

(18.32 t 1.21%) are smaller than In male (27.67 ~ 1.62%) heterozygotes.

Foundation for the California State
College , San Bernardino
Contract #0AAG29—76—C—0005
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DISC USSION

The phenomenon which brings about a difference In recombinat lon

in the two sexes is apparently widespread. Dunn and Bennett (1967)

have surveyed the literature on the subject and have concluded tha t

• this phenomenon is present both in plants and animals. Their survey

also showed that crossing over occurs In both sexes in the majority

of animals. There Is some tendency for crossover values in females

to exceed those in males. They found that in the house mouse marked

sex-differences can occur In opposite directions in different chromo-

somes.

The studies carr ied out on the subject of recombination in

Trlbol ium have provided the followin g results :

Sokoloff (1964) found that recomb inatlon between any given pair

of genes in linkage group VII of T. castaneum , whether In coupling

or in repulsion , is not significantly different within a sex but it

Is significantly different between the sexes. The recombination values

may differ only slight ly or considerabl y between the sexes, to the

point that in the male the values may approach 50%, giving the erroneous

im pression that the genes are not linked , while the values obtained

from females clearly indicate linka ge between these genes. This

phenomenon was not observed In data derived from linkage group IV .

Sokoloff advanced the hypothesis that the difference In recombination ,

reflected In the crossover values in the two sexes in T. castaneum ,

resul ts from a difference In the distribution of a single chiasma .

Foundation for the California State
College , San Bernardino
Contract #DAAC29—76—C—0005
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Johnson (1966) found that recombi nation is increased in the male

sex for linkage group V II and in the female for linkage group IV genes.

Dewees (1967) found unequal recombination values for males and

females, but these were not affected by the cls or trans position of

the genes within a given sex. lie suggested that the unequal recombi-

na tion values may result from a differentia l segregation of chromosomes

in one sex (probably the female) with the result that the recombinant

chromosomes is ‘Incorporated more often in the polar body during second-

division segregation, resu ltin g In a lower number of recombinant progeny.

En glert and Bell (1963) reported that crossing over between genes

for linkage group VIII was not equal in the two sexes in the couplin g

or cis phase , while in the repulsion or trans phase crossing over was

equal. Dewees (1 967). on the other hand, found that recovnbinati on was

grea ter in th e male tha n in the female for nen es assoc i ated w it h linka ge

group V , regardless of cis or trans arrangement.

To remove sex as the confoundin g factor from the linka n e phase .

Englert (1969a , b) inves tigated recombination rates of the sex-linked

recessive mar kers pygmy (~ y.) and red (r) in the female. The pooled

data gave a recombination rate of 11% for the cis and 7.3% for the

trans phase , a sign ificant difference.

Dawson (1 972) has resolved the apparent discrepancy bet~een the

results of Sokoloff (1964) and those of Johnson (1966) for reconb ination

values of linka ge group IV mentioned above . Dawson ’s data support

Sokoloff’s conclus ions that for this linkage group no difference in

Foundation for the California State
College , San Bernard ino
Contrac t #1~AAC29—76—C—O0O5 4
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the two sexes are observable for genes far apart (25-30 units); however

when this region Is subdivided into smaller regions , crossover values

were higher in males for one region and in females for another (Dawson,

1972).

Faustin i (1976) found that recomb lnation between the light ocular

diaphragm (lod) and aureate (au) genes was greater in the males (the

heterogametic sex) than in females (28.17 ~ .88% vs 17.41 .82%,

• respectively), data which are remarkably similar to those obtained In

this experiment.

Most of the investigators in the studies mentioned above offered

• some kind of explanation to account for the differences in recombina - .

tion in the two sexes.

In the light of more current studies by Chinicc l (1971 a , b) and

Dewees (1 975) most of those explanations are no longer valid.

Chinicc i ’ s studi es i n Drosop hila an d Dewee ’s stud ies in Tribolium

• (Dewees , 1975) have shown that recomb ination values can be modified

by selection toward a higher or a lower value, an d the conclus i on has

been ma de that recombinat lon in these insects is under polygenic

con trol . Since males and females carry different genetic modifiers ,

It is not surprising that different recombinatlon values are obtained

• In the two sexes.

Wha t is of interest from the data reported for flour beetles by

H Dawson (1972) and in the present study is that sex-differences not

onl y can occur In opposite directions in different chromosomes , but

these sex-differences can occur In opposite directions in adjacent
• regions of the same chromosome .

Founda tion for the Cal ifornia State College , San Bernard ino
Contract #DAAG29-76—C—0005 

• 
•~



r

— 11 —

ACKNOWLEDGMENTS

The wr iter Is Indebted to Janice K. Brown for technical

assistance in the course of this invest iqation. This Investigation

was supported by research grant flDRD 11790-IS and contract 135451

of the Department of the Army , U.S. Arm y Research Office , Researc h

Triangle Par k , North Carolina 27709.

Foundation for the California State
College , San Bernard ino
Contract #DM(~29—76—C—OOO5



—~~~~••-~~- • -—• •
~~~~~~~~~~~~~~~~~~

-—-
~
--

TABLE I
Progen y resulting from crossing (a) b++/+ lod au 2 x + lou au/

+ lod au o’~ an d (b) b++/+ lod au o”X + lod / au  + lo d au 2 . In eac h ’

cross there were 10 replica tes.

MATI tG SERIES

(a) jbL

319 240

+ lod au 31 3 210
b lod au 103 46

+ + + 103 53

b lod + 2 0

8 7

86 11•1

b + a u  92 92

1026 759

Foundation for the California State
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